Because of scale effects, idea-based growth models have the counterfactual implication that larger countries should be much richer than smaller ones. One might expect scale effects to be offset by the fact that small countries tend to gain more from trade than large ones. We show that although small countries do gain more from trade, such gains are not large enough to neutralize the underlying scale effects. We argue that another mechanism may be at work: frictions to domestic trade. We build an idea-based model featuring international trade, domestic frictions and scale effects that is largely consistent with the data. For example, for a small and rich country like Denmark, our calibrated model implies a real per-capita income of 88 percent (relative to the United States), much closer to the data (91 percent) than the trade model with no domestic frictions (41 percent). More generally, we show that, by offseting scale effects, domestic frictions help to reconcile the gravity model of trade with the cross-country patterns observed in the data for productivity, relative income levels, and trade shares. , as well as seminar participants at various conferences and institutions. All errors are our own. † 1 First-generation endogenous growth models such as Romer (1990), Grossman and Helpman (1991) , and Aghion and Howitt (1992) feature "strong" scale effects, whereby scale increases growth, whereas secondgeneration semi-endogenous growth models such as Jones
Introduction
Scale effects are so central a feature of innovation-led growth theory that, in Jones's (2005) words, "rejecting one is largely equivalent to rejecting the other." Because of scale effects, idea-based growth models such as Jones (1995) and Kortum (1997) imply that larger countries should be richer than smaller ones. 1 It is widely known, however, that this is not borne out in the data; Belgium is not poorer than France and Hong-Kong is not poorer than China. 2 New trade models such as Krugman (1980), Eaton and Kortum (2001) and Melitz (2003) are also idea-based models, and carry the same counterfactual implication that productivity strongly increases with country size. In such models, one might expect scale effects to be offset by the fact that small countries tend to gain more from trade than large ones. A first contribution of this paper is to show that although small countries do gain more from trade, such gains are not large enough to neutralize the underlying scale effects. We argue that another mechanism may be at work: frictions to domestic trade. The second and main contribution of our paper is to extend the trade model to allow for such domestic frictions and to use the resulting model to quantify their role in reconciling model and data.
The main building block of our whole exercise is an idea-based model featuring the convenient property that scale and trade increase productivity through a single mechanism, namely an expansion in the set of available non-rival ideas. Accordingly, productivity is proportional to (L/λ) ε , where L is a measure of size, λ is the share of expenditure devoted to domestic goods, and ε is a positive parameter. 3 Since large countries trade proportionally less than small countries, trade adjusted size, L/λ, will vary less than size, L, and the model could generate similar productivity levels across small and large countries. Indeed, in the extreme case of frictionless trade, λ is inversely proportional to L, so L/λ would not vary with L and scale effects would be exactly offset by trade. But the data show that trade is far from frictionless-in fact, the cross-country variation in λ is much lower than in L.
The key innovation in our model is that we think of countries as collections of symmetric regions that face positive costs to trade amongst themselves. By including domestic trading costs, we capture the fact that countries are not fully integrated economies, and by assuming symmetry across regions within countries we ensure that the resulting countrylevel trade flows still behave according to the standard gravity model. A critical feature of the model is that domestic trade costs are positive and increase with country size. Our calibrated model shows that such increasing trade costs work against the positive effect of size captured by (L/λ) ε , and the result is that large countries are no longer implied to be much richer than small ones.
We calibrate our key parameter ε by appealing to the growth and trade literatures, as well as cross-country estimates of scale effects, and we calibrate domestic frictions so that the model is consistent with domestic trade data available for both the United States and Canada. The calibrated model reveals that domestic frictions are indeed important to explain the discrepancy between the standard trade model and the data. For a small and rich country like Denmark, our calibrated model implies a productivity level of 88 percent (relative to the United States), much closer to the data (91 percent) than the level implied by the trade model with no domestic frictions (41 percent).
By weakening scale effects, domestic frictions not only help the model better match the observed productivity levels across countries; they also make the model better match observed import shares and relative income levels. We make this point by estimating the model with and without domestic frictions to trade data and a set of variables such as geographic distance that are commonly used as determinants of trade costs. The results show that the model without domestic frictions generates relative income levels that increase too steeply and import shares that decrease too steeply with country size. In contrast, the model with domestic frictions generates variation of implied import shares and nominal income with size that is close to the one we see in the data.
Finally, we show that ignoring domestic trade costs leads to biases in the estimation of international trade costs. More specifically, large countries are found to have low inward trade costs in Eaton and Kortum (2002) and low outward trade costs in Waugh (2010) because, in the absence of domestic trade costs, gravity models imply low "multilateral trade resistance" terms in such countries, and hence low "bilateral trade resistance" terms are needed to match the observed trade flows.
We are not the first to point out the importance of country size for trade flows and relative income levels in gravity models. Anderson and van Wincoop (2003) theoretically show that "multilateral trade resistance" increases with country size, leading to lower import shares for larger countries, while Redding and Venables (2004) and Head and Mayer (2011) empirically show that relative income levels increase with a measure of "market potential," which is increasing in country size. Our contribution to this literature is twofold: first, we show that these size effects are too strong in models without domestic frictions, and second, we develop a model with domestic frictions that does a good job in matching the observed relationship between country size and either import shares or relative income levels.
Our paper is related to Alvarez and Lucas (2007) and Waugh (2010) , who calibrate an Eaton and Kortum (2002) model to match observed trade flows and cross-country income levels. The calibration performed by Alvarez and Lucas (2007) as well as Waugh (2010) assumes that there are no domestic frictions but allows the technology levels to vary across countries. In fact, their calibration offsets strong scale effects by having technology levels decrease rapidly with country size. Since it is hard to defend such systematic variation in technology levels, we calibrate technology levels to observed R&D intensities, which do not vary systematically with size in our sample of developed countries, and instead allow for domestic frictions to vary with size as implied by our model.
In parallel work, Redding (2012) quantifies the gains from trade in a model with perfect labor mobility within countries composed of multiple asymmetric regions. However, we assume that regions are symmetric for three reasons: first, because Redding's analysis requires bilateral-trade data at the region level, which are available only for the United States and Canada; second, because under symmetry our model exhibits a standard gravity equation for country-level trade flows; and third, because at the national level the gains from trade do not seem to be affected substantially by this assumption. 4 This last point seems consistent with the results of Allen and Arkolakis (2013), who develop a model of trade and labor mobility for an economy with a continuum of regions arranged in a realistic geographic structure. In their calibration for the United States they deal with the fact that trade data are available only at the state level by assuming that the 4 We explore the quantitative implications of our symmetry assumption by studying a simplified version of Redding's model with two countries, one with a single region and the other with two asymmetric regions. We compute the gains from trade ignoring the asymmetries between the two regions in the second country-this corresponds to using the formula in Arkolakis et al. (2012) at the country level, as it would be appropriate if countries were composed of symmetric regions. The results are reassuring: the difference between the gains from trade computed as in Redding (2012) and as in Arkolakis et al. (2012) is always tiny for the numerical examples we analyze-the details of this exercise are available upon request. multilateral resistance terms are the same among the continuum of regions belonging to a state, just as would occur if those regions were symmetric. They use the model to show that inter-state trade flows are not significantly distorted by this symmetry assumption.
Finally, our paper is related to a literature exploring the theoretical and empirical relationship between country size, openness, and income. Ades and Glaeser (1999) and Alesina, Spolaore, and Wacziarg (2000) find a positive effect of country size and trade on income levels, with a negative interaction effect indicating that the positive scale effect is weakened by openness to trade. Frankel and Romer (1999) and Alcala and Ciccone (2004) also find that country size and trade openness (instrumented by geography) lead to higher income levels.
The rest of the paper is organized as follows. In Section 2 we present the baseline model and derive the expression for TFP in terms of size, trade and domestic trade costs that will be used to contrast the model to the data. Section 3 describes the calibration of the model, and Section 4 presents the quantitative results focusing on the model's implications for TFP across countries. In Section 5, we turn to the implications of the model for trade shares and relative income levels. In Section 6 we extend the baseline model to allow for multinational production (as in Ramondo and Rodríguez-Clare, 2013) as an additional channel for the gains from openness beyond international trade. Our main conclusion from Section 3 continues to hold: domestic frictions are key to reconcile the model with the data.
Baseline Model
We start with the simple version of the Ricardian trade model developed by Eaton and Kortum (2002 -EK) but here applied to subnational economies we call "regions" rather than countries. We then present our assumptions for how to aggregate regions into countries. Since most data is for countries rather than regions, the country-level model is the one we will use to think about the data.
There is a set of regions indexed by m ∈ {1, ..., M } and a continuum of final goods indexed by v ∈ [0, 1]. Preferences are CES with elasticity of substitution σ. Labor is the only factor of production, available in quantity L m in region m, and immobile across regions. 5 Technologies are linear with productivities z m (v) drawn from a Fréchet distribution with parameters θ and T m . There is perfect competition and iceberg trade costs d mk ≥ 1 to trade from k to m, with d mm = 1. Bilateral trade flows between regions, X mk , statisfy the standard expression in the EK model,
where w m is the wage in region m and X m ≡ k X mk is total expenditure in region m. In turn, price indices are
where µ is a positive constant, given by µ ≡ Γ( 1−σ θ + 1) 1/(σ−1) . We depart from the standard practice of modeling countries as single economies, and instead think of countries as collections of regions. We index countries by n ∈ {1, ..., N } and let Ω n be the set of regions belonging to country n and M n be the number of regions in that set. To be able to connect our model to country-level data, we make the following symmetry assumption:
A1. [Symmetry]
L m = L m and T m = T m for all m, m ∈ Ω n , and d mk = d m k for all m, m ∈ Ω n and k, k ∈ Ω i .
As we now explain, this assumption implies that, at the country-level, our model is isomorphic to the EK model with the only exception that the trade cost of a country with itself is a function of its size, M n , and the trade cost among regions belonging to that country, d nn ≡ d mm for m = m with m, m ∈ Ω n . To proceed, we introduce notation to keep track of country-level variables. Let L n ≡ m∈Ωn L m and T n ≡ m∈Ωn T m denote the country-level labor endowment and technology parameters, respectively, and let X ni ≡ m∈Ωn k∈Ω i X mk , X n ≡ i X ni and w n = w m for m ∈ Ω n denote country-level bilateral trade flows, total expenditure levels, and wage levels, respectively. For future reference, note that, thanks to A1, L m = L n /M n ≡L n and T m = T n /M n ≡T n for all m ∈ Ω n .
The following Proposition shows how to go from the standard region-level EK model to the country-level model that we can relate to bilateral trade data (all proofs are in the Appendix): 
and price indices at the country-level are
and
If there were no domestic trade costs, i.e., d nn = 1, then τ nn = 1 and the country-level model collapses to the standard EK model with trade costs given by the (symmetric) trade cost between all regions of country i and all regions of country n, as in (5) . The key departure from this standard case, then, is caused by the presence of trade costs between regions belonging to the same country, d nn > 1, which in our model leads to positive domestic trade costs given by τ nn . According to Proposition 1, these domestic trade costs are a weighted power mean with exponent −θ of the cost of intra-regional trade (which we assume is one) and the cost of trade between regions belonging to the same country (d nn ), with weights given by 1/M n and 1 − 1/M n . Equations (3) and (4) imply that trade shares are given by
Applied to the case n = i, this leads to the following result for real wages in terms of technology levels, T n , average domestic trade costs, τ nn , and equilibrium domestic trade shares, λ nn ,
An immediate implication of this expression for real wages is that, even in the presence of domestic frictions, the gains from international trade (i.e., the change in the equilibrium real wage from autarky to the trade equilibrium) are the same as the ones in EK, namely
Aggregate economies of scale arise in this model as soon as we acknowledge that the technology parameter T n is naturally increasing with population (see Eaton and Kortum, 2001) . Formally, we make the following assumption:
A2. [Technology Scales with Population]
T n = φ n L n for all n.
We allow φ n to vary with n to reflect differences in "innovation intensity" across countries, but the important part of this assumption is that, conditional on φ n , technology levels are proportional to population. This comes out naturally if we think of a "technology" as a productivity drawn from a Fréchet distribution and if we assume that the number of technologies is proportional to population. 6 An equivalent proportionality result arises in the Krugman and the Melitz models because of the free entry assumption, which implies that the number of varieties scales up with population.
Under A2, Equation (7) can now be rewritten as
If there were no domestic frictions, then τ nn = 1 and larger countries would exhibit higher real income levels with an elasticity given by 1/θ. 7 This is because a larger population is linked to a higher stock of non-rival ideas (i.e., technologies), and more ideas imply a superior technology frontier. The strength of this effect is linked to the Fréchet parameter θ: The lower is θ, the higher is the dispersion of productivity draws from this distribution, and the more an increase in the stock of ideas improves the technology frontier. These are the aggregate economies of scale that play a critical role in semi-endogenous growth models and that underpin the gains from openness in EK-style models.
In the presence of domestic trade costs, economies of scale depend on how τ nn is affected by size, L n . To derive sharp results, we assume that all variation in country size comes from variation in the number of regions, M n , with all regions being the same size, L n =L for all n. We state this more directly as follows:
A3. [Size Scales with the Number of Regions]
L n = M nL for all n.
We now arrive at our basic result for real wages: 6 Formally, consider a region in country n, and let a "technology" be a productivity ξ drawn from a Fréchet distribution with parameters θ and φ n , and assume that the number of technologies per good is equal to population,L n . It is then easy to show that the best technology for a good, z ≡ max ξ, is distributed Fréchet with parameters θ andT n = φ nLn . 7 In the quantitative analysis of Sections 4 and 5, we will think of L as equipped labor and hence w/P in the model will correspond to TFP in the data. Proposition 2. Under A1, A2 and A3, equilibrium real wages are given by
There are four distinct terms that determine the real wages across countries: φ 1/θ n captures innovation intensity, L is decreasing in size when d nn > 1, the presence of domestic frictions weakens economies of scale. 8 To see this more clearly, note that the strength of economies of scale adjusted by the fact that larger countries suffer more from domestic frictions is given by
If d nn = 1 then τ nn = 1 and this is just κ = 1/θ, as in the model. Otherwise, the term d nn /τ nn will be lower than one and weaken economies of scale, κ < 1/θ.
Model's Calibration
We consider the same set of nineteen OECD countries as Eaton and Kortum (2002) . 9 We restrict the sample to this set of richer countries to ensure that the main differences across countries are dominated by size, geography, and R&D, rather than other variables outside the model that directly affect TFP.
We need to calibrate the parameters θ andL as well as the vectors d nn , M n and φ n , for all n.
Calibration of θ. The value of θ is critical for our exercise. We consider three approaches for the calibration of this parameter. First, we calibrate θ to match the growth rate of income per unit of equipped labor (or TFP) observed in the data. IfL grows at a constant rate g L > 0 in all countries andT n = φ nL , then g T = g L and the model leads to a long-run income growth rate, common across countries, of
Equation (11) simply follows from differentiating (9) with respect to time (with a constant M n ). Following Jones (2002) , we set g L = 0.048, the growth rate of research employment, and g = 0.01, the growth rate of TFP, among a group of rich OECD countries. Together with (11), these growth rates imply that θ = 4.8. 10
Our second approach is to calibrate the parameter θ by noting that our model is fully consistent with the Eaton and Kortum (2002) model of trade. Eaton and Kortum (2002) estimate θ in the range of 3 to 12, with a preferred estimate of θ = 8. More recent estimates using different procedures range from 2.5 to 5.5. 11
Finally, a third approach is to use the results in Alcala and Ciccone (2004) , who show that controlling for a country's geography (land area), institutions, and trade openness, larger countries in terms of population have a higher real GDP per capita with an elasticity of 0.3. 12 This elasticity can be interpreted in the context of (9). If geography is captured by τ nn , institutions by φ n , and trade openness is represented by the last term on the righthand side of (9), the coefficient on L n , 1/θ, can be equated to 0.3, the value of the (partial) income-size elasticity in Alcala and Ciccone (2004) . The implied θ equals 3.3.
Given these estimates, we choose θ = 4 as our baseline value, and we show our results for θ = 2.5 and θ = 5.5 in the robustness section. The implied (conditional) elasticity of the real wage with respect to size is then 1/θ = 1/4, in-between the one in Jones (2002) of 1/5, and the one in Alcala and Ciccone (2004) of 1/3. This elasticity may seem high relative to estimates of the scale elasticity in the urban economics literature. For example, Combes, Duranton, Gobillon, Puga, and Roux (2012) find an elasticity of productivity with respect to density at the city level of between 0.04 to 0.1. One should keep in mind, however, that these are reduced form elasticities, whereas our 1/4 is a structural elasticity. Thus, the same reasons (i.e., internal frictions and trade openness) that make small countries richer than implied by the strong scale effects associated with an elasticity of 1/4 should also lead to a lower observed effect of city-size on productivity in the cross-sectional data.
Calibration of domestic frictions. Our calibration of domestic frictions, d nn , is based on the expression in (12) below. LetX nn ≡ m∈Ωn X mm be total intra-regional trade in country n. From (1),X
HenceX
Given a measure of the share of domestic trade that takes place within regions,X nn /X nn , (12) can be used together with M n to infer τ nn which can then be combined with (6) to get an estimate of d nn .
We use data for domestic manufacturing trade flows for the United States from the Commodity Flow Survey (CFS), for the years 2002 and 2007, respectively. To use these data, we think of regions in the model as states in the data and hence set M U S = 51 (fifty states plus the District of Columbia). This immediately implies thatL = L U S /51. We measureX nn as the sum across all states of the intra-state manufacturing shipments, and we measure X nn as total domestic manufacturing trade flows, both according to the CFS. This yieldsX nn /X nn = 0.41, for 2002, implying that 41 percent of domestic U.S. trade flows are actually intra-state trade flows (see Table 8 in the online Appendix for trade flows by state). Together with M U S = 51 and θ = 4,X nn /X nn = 0.41 and (6) imply d U S,U S of 2.43. The corresponding numbers for the year 2007 areX nn /X nn = 0.45 and d U S,U S = 2.52. Notice that the high estimate for the domestic trade cost d nn is a direct consequence of the high domestic trade shareX nn /X nn (and, obviously, θ); in a frictionless world (d nn = 1), this share would be much lower,X nn /X nn = 1/51 = 0.02.
The only other country for which we have the required data to perform this exercise is Canada, for which we have data on manufacturing domestic trade flows across and within the thirteen provinces for years 2002 and 2007. 13 The ratioX nn /X nn computed with these data, for n = CAN , is 0.77 and 0.79 for years 2002 and 2007, respectively. The higher percentage of domestic trade that takes place within regions in Canada compared to the United States is a natural consequence of Canada being smaller, M CAN = 13 < M U S = 51. In fact, this basically explains all the difference inX nn /X nn across the two countries. The implied d nn for n = CAN is 2.53 for 2002 (and 2.52 for 2007), almost the same to the number estimated for the United States.
Since we do not have the required data to calibrate d nn separately for each country, we impose d nn = 2.43 for all n. 14 Of course, we are allowing for differences in τ nn across countries that come from differences in country size through M n ; this is precisely what will weaken the economies of scale in the model with domestic frictions. For instance, a small country like Denmark with an implied M DN K of 1, has domestic frictions that are less than fifty percent the ones for the United States. Conversely, a large country like Japan, with M JP N = 26, has τ nn calibrated to be 70 percent the one of the United States.
In the robustness section, we consider various alternative calibrations of domestic frictions as well as of the size of the regions,L.
Discussion. Readers may be surprised by our high estimates for domestic frictions d nn . In fact, high trade costs are a standard feature of quantitative trade models, although they are quite sensitive to the value of the trade elasticity (see Anderson and Van Wincoop, 2004 , for a related discussion). With θ = 4, as we are assuming here, we need high trade costs to explain the little domestic trade we observe in the data. A higher trade elasticity would lead to lower estimates for d nn . For instance, setting θ = 8, which is the upper range of the estimates in the literature, would lead to a much lower value of d nn = 1.56 for the United States. In Section 4.1, we explore the sensitivity of our results to different values of this trade elasticity.
Other estimates in the literature point to high domestic frictions within the United States. For instance, using the CFS at the most disaggregated level, Hillberry and Hummels (2008) find that shipments between establishments in the same zip code are three times larger than between establishments in different zip codes. 15 One explanation for the high estimates of d nn is the existence of non-tradable goods even within the manufacturing sector. As recently emphasized by Holmes and Stevens (2010), there are many manufactured goods that are specialty local goods (e.g., custommade goods that need face-to-face contact between buyers and sellers), and hence nontraded. If we assumed in our model that a share of manufactures were non-tradable, the required d nn would be lower, but the consequences for our exercise would be the same.
Calibration of technology and size.
We calibrate φ n assuming that it varies directly with the share of R&D employment observed in the data. 16 We use data on R&D employment from the World Development Indicators averaged over the nineties. We measure L n as equipped labor to account for differences in physical and human capital per worker, as calculated by Klenow and Rodríguez-Clare (2005) , an average over the nineties as well. Note that the term φ n L n in (9) is a measure of R&D-adjusted equipped labor, or what we henceforth refer to simply as country size.
Scale Effects and Real Wages
In this section, our goal is to compute real wages implied by (9) and compare them with real wages (or TFP) in the data, and evaluate the role of openness and domestic frictions in reconciling the model and data.
To such end, we first compute real wages in the data as real GDP (PPP-adjusted) from the Penn World Tables (7.1) divided by L n . The real wage calculated in this way is simply TFP; we henceforth refer indistinctly to real wage or TFP of country n. We consider averages over the period 1996-2001.
Next, we need to quantify the gains from trade for each country n, GT n , the last term in (9) . Similar to the procedure proposed by Arkolakis et al. (2012), we have expressed these gains as a function of observable variables in the data. Hence, we can use directly the data on trade flows and absorption (calculated as gross production minus total exports plus total imports) in manufacturing, from STAN (an average over 1996-2001), to calculate the gains from trade for each country n. [The online Appendix presents the detailed data on domestic trade shares.] The convenience of this procedure comes from the fact that it does not require to calibrate the entire matrix of international trade costs by targeting the observed bilateral trade shares; imposing the observed trade shares in the expression for the gains from trade assures that the calibrated model exactly matches the data. 17 Using (7), the real wage for country n relative to the U.S. can be written as
The role of scale effects is captured by the first term on the right-hand side of this expression, the role of openness to trade is captured by the second term, and the role of domestic frictions is captured by the third term. Figure 1 shows the real wage implied by our model with scale effects, international trade, and domestic frictions (blue dots) as well as the real wage implied by the model with only scale effects (green dots) and with both scale effects and international trade but no domestic frictions (red dots). The real wages observed in the data are represented by the black dots. Real wages are plotted against our measure of country size, φ n L n . Table 1 presents the numbers behind Figure 1 .
It is very clear from the figure that the standard semi-endogenous growth model severely underestimates the real wage observed in the data (green versus black dots). According to that model, the real wage for a small country country like Denmark would be only 34 percent of the one in the U.S., reflecting very strong scale effects. In contrast, the observed relative real wage of Denmark is 91 percent. Adding domestic frictions and trade openness helps reconcile the real wage in the model and the data. In fact, our calibrated model captures very well the pattern of real wages in the data (blue versus black dots). 18 Continuing with the case of Denmark, the calibrated model implies a relative real wage of 88 percent, much closer to the data (91 percent) than the real wage implied by the standard semi-endogenous growth model (34 percent). Similar results obtain for the other small countries in our sample. In fact, the are some countries, like Belgium, for which the our calibrated model actually over-predicts the observed relative real wage.
What is the role of domestic frictions and trade openness, separately, in closing the gap between the standard model with only scale effects and the calibrated model? As the red dots indicate in Figure 1 -calculated using only the first and second terms on the right-hand side of (13), trade openness does not help much in bringing the model closer to the data. Focusing again on Denmark, if countries were fully integrated domestically (i.e., no domestic frictions) and open to trade, the relative real wage for Denmark would be only 41 percent as high as in the U.S., a small improvement with respect to the standard semi-endogenous growth model. In general, small countries would be much poorer in the model than in the data without domestic frictions (with Belgium being the exception). 19 It is important to clarify that, as expected, small countries do gain much more than large countries. It is just that this is not large enough to have a substantial role in closing the gap between the model and the data. For example, Denmark has much larger gains from trade than the U.S. (29.5 versus 6.7 percent), but this only increases the implied relative real wage of Denmark from 34 to 41 percent. Column 2 in Table 1 shows the results for the gains from trade (relative to the U.S.), by country.
Domestic frictions are the channel that helps to bring the calibrated model's relative real wage closer to the one observed in the data. If countries were closed to international trade but not fully integrated domestically-first and third term on the right-hand side of (13)-(not shown in the figure) , the (relative) real wage for Denmark would be 0.71, much closer to the real wage implied by the full model (0.88). A simple decomposition reveals that domestic frictions close more than two thirds of the gap between the real wage in the data and in the model with only scale effects, while openness to trade only accounts for around thirteen percent. 20 This is very similar for all small countries in our sample. In particular, for the six smallest countries in our sample, on average, domestic frictions account for almost 65 percent of the gap, while trade openness accounts for less than ten percent.
More formally, we use
as a measure of the fit of the model with the data. For our calibrated model (blue dots), ∆ = 0.85, while for the standard semi-endogenous growth model (green dots) ∆ is three times higher (3.88). We also compute the ∆ for the models with scale effects, but one with trade openness and no domestic frictions (red dots) and one with domestic frictions but no trade openness (not shown in Figure 1 ). While for the first model, ∆ = 2.9, for the second model, we get ∆ = 0.95. The fact that in the latter case ∆ is very similar to the one for the full model shows that most of the work of reconciling the model with the data is actually done by domestic frictions rather than trade openness.
Robustness

The Role of θ
To explore the effect of the value of θ on our results, let O n ≡ λ −1 nn , D n ≡ τ θ nn and rewrite (13) as
All the terms inside the bracket come directly or indirectly, from the data and do not depend on the value of θ. 21 Hence, this expression tells us how the relative real wage implied by the calibrated model changes with θ (in the exponent). For countries with a lower real wage than the United States, a higher θ increases the relative real wage towards one. Table 2 shows how the gap between the calibrated and observed real wage varies with different values of θ. For θ = 5.5, Denmark's calibrated real wage, relative to U.S., is exactly as observed in the data, 0.91. In contrast, for θ = 2.5, the calibrated model delivers a relative real wage for Denmark of 0.81. Notice that, under isolation and no domestic frictions, for θ = 2.5, the relative real wage implied by the model for Denmark would be of only 0.18, while for θ = 5.5, it would reach 0.45.
Alternative Calibrations for Domestic Frictions
We consider alternative calibrations for domestic trade costs, d nn , and the size of regions, L, and show that they entail similar results regarding the relative real wage as for the baseline calibration.
Following the same procedure as for the fifty one states of the United States, we consider shipments between 100 geographical units, among which we have Consolidated Statistical Areas (CSA), Metropolitan Statistical Areas (MSA), and the remaining portions of (some of) the states, for 2007, from the Commodity Flow Survey. 22 The ratio X nn /X nn calculated using the 100 U.S. geographical units is 0.35, against 0.41 when using U.S. states. We set M U S = 100 and use (12) and (6) to calibrate d nn . For θ = 4 and year 2007, 21 Notice that D n does not depend on θ because d −θ nn is pinned down, through (12) , by X nn /X nn and M n , both coming from the data for the United States. 22 We compute internal trade for 99 geographical units: 48 are Consolidated Statistical Areas (CSA), 18 are Metropolitan Statistical Areas (MSA), and 33 represent remaining portions of (some of) the states. For each of the 99 geographical units, we compute the total purchases from the United States and subtract trade with the 99 geographical units to get trade with the rest of the United States, which is considered the 100th geographical unit in our exercise.
we get d nn = 2.69, against d nn = 2.52 using U.S. states.
As mentioned above, we alternately use data on trade flows between ten provinces and three territories of Canada, for 2002 and 2007, respectively. Using (12) and (6), together with M CAN = 13 and θ = 4, we get d nn = 2.53 and d nn = 2.52, for 2002 and 2007, respectively.
Each of the calibrations on internal frictions discussed above entail a different M n for the remaining countries in the sample. Specifically, as in the baseline calibration, we set L = 100/L U S when calibrating to the 100 U.S. geographical units andL = 13/L CAN when calibrating to the 13 Canadian geographical units. We then set M n for the rest of the countries in our sample using M n = L n /L. Columns 2 and 3 in Table 3 present the implied number of regions in each case, for all countries in the sample.
Our third robustness exercise incorporates data on population density for each country in our sample into our measure of M n . 23 The idea is that more dense countries should be allowed to have larger regions, hence a higherL n . We assume that L n is proportional to population density defined as habitants per unit of land, v n ≡ L n /A n , where A n is area of country n. Rather than fixing the size of all regions to the size of a U.S. region in terms of equipped labor, we fix the area of all regions to the average area of U.S. regions, A U S = A U S /M U S , with M U S = 51 as in our baseline case. Then,L n =Ā U S v n and again M n = L n /L n . Column 4 in Table 3 presents the implied number of regions by country.
With this alternative calibration, low-density countries are have more regions because a low density implies that more regions are needed to fit a given population.
Finally, we consider the case in which M n is calibrated directly to the number of towns with more than 250,000 habitants observed in the data, for each country. This calibration naturally implies thatL n is different for each country n. Column 5 in Table 3 shows these data.
In the calibrations that use the country's density and the number of towns observed in the data to calibrate M n , we keep d nn as in our baseline estimate.
The results do not change in any significant way as we consider these alternative calibrations. Columns 6 to 10 in Table 3 present the implied relative real wage for the five different calibrations described above. The gap between data and model for Denmark remains very similar across all calibrations. In fact, for the calibration that uses the observed number of towns of more than 250K habitants, the gap between data and model is virtually closed. One exception among the small countries is Netherlands for which the calibration that assumes regions of fixed land areas delivers a much higher relative real wage than the one observed in the data. Overall, the R-squared for the model calibrated to U.S. regions-our baseline calibration-is the highest.
Our final robustness exercise involves an alternative calibration of d nn . The procedure applies the index of trade costs developed by Head and Ries (2001) , and Head, Mayer, and Ries (2010), to domestic trade flows. In particular,
where the assumption is that d HR mk = d HR km , and m and k are geographical units belonging to the same country. We estimate d HR mk using all the bilateral matrix of internal trade flows among the fifty one U.S. states, among the 100 U.S. smaller geographical units (CSA-MSA), and among the thirteen Canadian provinces, respectively. In all cases, the average trade cost index is higher than the value used in our baseline calibration. Table 4 summarizes the results. 24 
Other Channels
Our results show that trade openness and domestic frictions account for a large share of the difference in the real wage for small countries between the calibrated model and the data. Both channels together explain more than 85 percent of the gap between model and data for Denmark's real wage relative to the United States. The numbers for other small countries are similar. We restricted our attention to income differences across countries only coming from differences in R&D-adjusted size, gains from trade, gains from MP, diffusion, and domestic frictions. Here we discuss some forces left out of the model that can be potentially important to further reconcile the model and the data.
One obvious possibility is that small countries benefit from "better institutions," which in the model would be reflected in higher technology levels (T n ) than those implied by the share of labor devoted to R&D. Good institutions might be precisely what allowed these countries to remain small and independent in the first place. To explore this possibility, we used patents per R&D-adjusted equipped labor, rather than R&D employment shares, as a proxy for T n in our quantitative exercise. Our baseline results do not change. In fact, small countries do not exhibit higher patenting productivity than larger ones; on the contrary, the correlation between patents per unit of R&D-adjusted equipped labor and country's R&D-adjusted size is positive and around 0.7, when the United States and Japan are included, decreasing to 0.35 when those two countries are excluded.
Furthermore, small countries are not systematically better in terms of schooling levels, corruption in government, bureaucratic quality, and rule of law. The correlations between these variables and R&D-adjusted size are 0.30, −0.17, 0.12, 0.22, respectively; the data do not support the idea that smallness confers some productivity advantage through better institutions. Table 9 in the online Appendix lists all these variables, as well as patents per unit of equipped labor, by country.
Another possibility is that the gains from openness materialize in ways other than trade and MP. An obvious example is international technology diffusion which allows local firms to use foreign technologies. Unfortunately, except for the small part that happens through licensing, technology diffusion does not leave a paper trail that can be used to directly measure the value of production done in a country by domestic firms using foreign technologies. 25 Some indirect evidence points to the importance of international diffusion for growth. Kortum (1996, 1999 ) develop a quantitative model that allows them to use international patent data to indirectly infer diffusion flows. They estimate that most of the productivity growth in OECD countries, except for the United States, is due to foreign research: between 84 percent and 89 percent in Germany, France, and the United Kingdom, around 65 percent for Japan, and about 40 percent for the United States. 26 Finally, a potential source of gains from openness is international migration. A recent paper by Ortega and Peri (2012) points out to the importance of the diversity of immigrant pool, rather than trade, as a key variable in explaining income differences across countries, using a sample of more than 120 countries. For our sample of rich OECD countries, the correlation between the degree of diversity of immigrants and income per capita is positive, of almost 0.5, but the correlation with R&D-adjusted size is zero. 27 Again, this evidence suggests that smallness do not confer some productivity advantage through immigration. 25 According to the data published by the Bureau of Economic Analysis, royalties and licenses paid to U.S. parents and foreign affiliates by unaffiliated parties for the use of intangibles represented only one percent of total affiliates sales, in 1999. 26 Keller (2004) also finds that, for nine countries that are smaller than the United Kingdom, the contribution of domestic sources to productivity growth is about ten percent. 27 The degree of diversity of immigrants is measured by the number of source countries of immigrants, as in Ortega and Peri (2011), for 2000.
Beyond Real Wages: Gravity, Terms of Trade, and Domestic Frictions
What are the implications of adding domestic frictions for standard results in the trade literature? We first focus on gravity estimates of international trade costs, and study the consequence of not including domestic frictions on the estimates of the "exporter fixed effect," as proposed by Waugh (2010) . We then show that allowing for domestic frictions as implied by our model and calibrated in Section 3 lead to better performance of the model in terms of matching the data on import shares and relative income levels across countries.
Exporter Fixed Effects and Domestic Frictions
Combining the expression for trade flows in (3), for l = n and l = n yields
The term τ nn is a country-specific effect greater than one. When d nn = 1, τ nn = 1 and (16) collapses to the expression in Eaton and Kortum (2002) and Waugh (2010) .
We follow Waugh (2010) and assume that international trade costs include an exporter fixed effect, ex l , log τ nl = δ d log dist nl + b nl + l nl + ex l + ε nl .
The variable dist nl is distance between n and l in kilometers, b nl (l nl ) is equal to one if n and l share a border (language), and zero otherwise, and ε nl reflects barriers to trade arising from all other country-pair specific factors that are orthogonal to the regressors. The expression in (16) can then be written as
where
and H n ≡ −θ log τ nn + θ log w n + log φ n L n .
These expressions for S l and H n gather source and destination country characteristics, respectively. Subtracting (20) from (19) for country l yields
Clearly, if domestic frictions were present, the fixed effect ex l could not be identified from (21) . Moreover, the effect of domestic frictions on trade flows would be interpreted as part of the exporter fixed effect whose estimate would bê
This result implies that estimates coming from the model without domestic frictions will be biased. More importantly, as shown in (6), τ ll is larger for larger countries, so that the biasêx l − ex l will be systematically lower for larger countries. 28 If the true fixed effect ex l does not vary systematically with country size, we should find that the correlation between country size and the estimated fixed effect,êx l , should be negative. Figure 2 plots the exporter fixed effects, derived from estimating (18) by ordinary least squares (OLS), against our measure of R&D-adjusted size, φ n L n . 29, 30 Larger countries have systematically lower estimated costs of exporting: the correlation between φ n L n andêx l is -0.67. 31 This result is robust to other measures of country size and a larger sample of countries. 32 If we use absorption in manufacturing for 1996, as in Waugh (2010), rather than R&D-adjusted size, the correlation between that measure of country size and the exporter fixed effect goes to -0.71. The same correlation using the sample of 77 countries considered by Waugh (2010) as well as his own estimates ofêx l is -0.23. 33 28 This is under the assumption that d ll does not systematically vary with country size. We assume that d ll = d for all l, in our quantitative analysis, so that variations in τ ll come exclusively from the number of regions M l within a country. 29 The exporter fixed effect is expressed in terms of the percentage effect on cost, e −θêx l − 1, with the mean across countries normalized to zero. For the United States, we find e −θêx l − 1 = −0.94, indicating that the U.S. cost of exporting is 94 percentage points lower than the cost in the average country in our sample. 30 With 342 observations, and robust standard errors, the OLS estimates of (18) are: log X nl X nn = S l − H n − 0.92 * * * log dist nl + 0.035b nl + 0.51 * * * l nl , where * * * denotes a level of significance of p < 0.01. 31 The R-squared of a regression of the exporter fixed effects, expressed as costs, on (log of) R&D-adjusted size, with robust standard errors and a constant, is 0.68, and the size coefficient is -0.31 (s.e. 0.046). 32 Additionally, taking the estimated exporter fixed effects directly from Waugh (2010), for our sample of countries, delivers a correlation with R&D-adjusted size of -0.46. 33 The R-squared for a regression of the exporter fixed effects on (log of) absorption, with robust standard errors and a constant, is 0.56 and the size coefficient is -0.18 (s.e. 0.019), for the sample of 77 countries. 
R&D-adjusted country size (relative to U.S.) Exporter fixed-effect (% of costs)
The exporter fixed effect is expressed in terms of the percentage effect on cost, e −θêx l − 1, with the mean across countries normalized to zero. R&D-adjusted country size refers to φ n L n , where φ n is the share of R&D employment observed in the data and L n is a measure of equipped labor. Not shown: Japan = (0.57,-40) and USA = (1,-94).
We draw two conclusions from this exercise. First, there is a positive correlation between estimated exporter fixed effects and country size, and this supports the idea that domestic frictions are important and increase with country size. Second, ignoring domestic frictions leads to a bias in the estimation of international trade costs, with exporting costs having an upward bias for small countries and an upward bias for large countries.
Terms of Trade, Import Shares, and Domestic Frictions
We now assess the performance of the trade model with domestic frictions, vis-à-vis the trade model without domestic frictions, in terms of a import shares and terms of trade, defined as the wage in country n relative to the U.S. We also show, again, the predictions of both models regarding the real wage, for reasons that will be clear below.
In order to calculate both the import share and the relative wage for country n, it is necessary to have the matrix of international trade costs τ nl , for n = l. This is true for the model with and without domestic frictions. To estimate such frictions, we recur to the structural iterated least squared (SILS) method proposed by Head and Mayer (2013) to estimate a gravity model of trade. First, we assume that trade costs have the form
for n = l. For n = l, trade costs take the values from our baseline calibration in the model with domestic frictions, and the value of one for the model with no frictions. By assuming that international trade costs depend only on geographic bilateral variables, we make sure that these costs are not capturing country size. SILS proceeds as follows:
1. Guess a value for δ's and compute (23) , for n = l;
2. Given the parameters calibrated in Section 3, compute the equilibrium (following the algorithm in Alvarez and Lucas, 2007) to get wages and price indices, and then compute E l and I n defined as
Estimate new δ's through OLS on
4. Iterate on δ's until convergence.
The procedure is run twice: for τ nn as defined in (6), for the values of d nn and M n calibrated in Section 3, and for τ nn = 1, alternately. The R-squared for (25) , at the estimated δ's. for the model with τ nn > 1 is 0.75, while the R-squared for the model with τ nn = 1 is 0.70.
The question we ask is: using these estimates for international trade costs, what are the implications of a model with and without domestic frictions, respectively, regarding the import share ( l =n X nl /X n ), the terms of trade (w l ), and the real wage (w l /P l ), for country l? To proceed, we simulate both models using the estimates of international trade costs coming from the SILS procedure for both models. 34 Figure 3 summarizes the results.
It is clear that the model with no domestic frictions fails to capture the pattern of import shares, terms of trade, and real wages, across countries of different size, observed in the data. 35 Relative to the United States, import shares are, as shown in the figure, on average, 3.3 in the data, 3.98 in our model, and 11.5 in the model with no domestic frictions. Evidently, the trade model without domestic frictions delivers import shares that decrease too rapidly with respect to country size. The presence of domestic frictions, by offsetting scale effects, reconciles much better the model with the data. A similar story is found for the terms of trade: when domestic frictions are ignored, small countries have relative wages that are too low with respect to the ones observed in the data. This results is driven by the fact that in the standard model of trade, small countries have a disadvantage due, precisely, to their small size. Again, by offsetting scale effects, domestic frictions bring the model much closer to the data. Finally, the real wage, as found in the previous section, is severely underestimated for small countries when there are no domestic frictions. Table 5 summarizes the statistics behind Figure 3 .
Our results for the model without domestic frictions stand in contrast to those of Alvarez and Lucas (2007) , whose calibrated trade model matches well the relationship between size and import shares across countries. As we do in A2, Alvarez and Lucas (2007) allow technology levels to scale up with size, but rather than using equipped labor as a measure of size, they calibrate L n so that w n L n in the model equals nominal GDP in the 34 Notice that the implications for the real wage shown in previous sections, for a model with and without frictions, respectively, were drawn for a calibrated model that exactly matched the import shares observed in the data. Here, the models are calibrated using gravity and, consequently, the implied real wages are different. 35 The import share for country n in the data is calculated as the sum of trade flows in manufacturing into n from all the remaining countries in our sample, as a share of absorption in manufacturing for country n. The nominal wage in the data is calculated as GDP at current prices (PPP-adjusted) from the Penn World Tables (7.1) divided by our measure of equipped labor. The import share for country l is given by l =n X nl /X n ; the terms of trade for country l are w l ; and the real wage is w l /P f l . All variables are relative to the U.S. R&D-adjusted country size refers to φ n L n , where φ n is the share of R&D employment observed in the data and L n is a measure of equipped labor. Japan not shown.
data. Letting e n be efficiency per unit of equipped labor in country n, their procedure is equivalent to calibrating e n such that e n (L n /λ n ) 1/θ matches observed TFP levels. For our sample of countries, their calibrated size (e n L n ) has much less variation than the observed measure of equipped labor (S.D. of 0.06 versus 0.24, respectively), implying that small countries have a much higher efficiency per unit of equipped labor than large ones, as reflected in the negative and significant OLS coefficient of -0.90 coming from estimating (log of) e n on (log of) L n (with a constant and robust standard errors).
Waugh (2010) goes back to using equipped labor (from Caselli, 2005) as the empirical counterpart of size (L) in the model, but then estimates T so that the model without domestic frictions matches the trade data. His estimated T /L ratios (with T U SA /L U SA =1) are much higher for small than large countries: the OLS coefficient for (log of) T n /L n on (log of) L n (with a constant and robust standard errors) is significantly negative (-0.67).
Summing up, the exercises in this section point out to domestic trade frictions as an important channel not only for reconciling the standard model of trade with the data on real wages, but also for reconciling the standard model with the data on import shares and terms of trade.
Multinational Production and Non-Tradable Goods
In the model of Section 2, international trade was the only channel through which countries could gain from openness. But, arguably, the activity of multinational firms could be even more important. We now incorporate multinational production as an extra channel for the gains from openness. To do so, we extend the model of Section 2 by allowing technologies to be used outside of the region where they originate. Whenever this happens we say that there is multinational production (MP).
We follow Ramondo and Rodríguez-Clare (2013) in assuming that a technology has a productivity z n in each country n = 1, ..., N . Moreover, to introduce frictions to the "movement of ideas" within countries, in parallel to the way we introduced domestic frictions for trade, we assume that each technology has a "home region" in each country. Using a technology originated in country i for production outside of the technology's home region in country i entails an iceberg-type efficiency loss, or "MP cost," of h ii ≥ 1. Moreover, using a technology originated in country i in the technology's home region in country l = i entails an MP cost of γ li ≥ 1. Finally, the total MP cost associated with using a technology from country i outside of the technology's home region in country l = i is γ li h ll . 36 In sum, each technology is characterized by three elements: first, the country i from which it originates; second, a vector that specifies the technology's productivity parameter in each country, z = (z 1 , ..., z N ); and third, a vector that specifies the technology's home region in each country, m = (m 1 , ..., m N ). The effective productivity of a technology (i, z, m) is z i if used in region m i , z i /h ii if used in region m ∈ Ω i with m = m i , z l /γ li if used in region m l for l = i, and z l /γ li h ll if used in region m ∈ Ω l for l = i and m = m l .
We assume that productivity levels z n for technologies originating in country i are independently drawn from the Fréchet distribution with parametersT i and θ, and we assume that m n is uniformly and independently drawn from the set Ω n .
In the model with MP, we introduce both tradable and non-tradable goods, since around half of MP flows in the data occur in non-tradable goods. We follow Alvarez and Lucas (2007) We assume that MP is possible in both the final and intermediate goods, and that the MP costs are the same in both cases. Further, we assume that 1 ≤ d nn = h nn . Consider a particular intermediate good whose home region is m n . The price of this good in other regions of country n (m ∈ Ω n , m = m n ) is determined by z/d nn if traded and z/h nn if produced locally via MP. Our assumption that d nn = h nn implies that there is indifference between these two options. We assume that the indifference is broken in favor of trade, which implies that there is no MP across regions within countries for intermediates.
Our main object of interest in this Section is the equilibrium real wage in each country n, which we will compare with the real wage (or TFP) in the data. 37 In the model with trade, MP, and domestic frictions, this endogenous variable can be written as a function 36 The assumption that technologies have a home region in each country is made to keep the treatment of domestic and foreign technologies consistent. We assume that technologies originated in country i are "born" in a particular region and then face an MP cost h ii to be used in another region of country i. The analogous assumption for the use of technologies from i in country n = i is that they also have a region in country n where they are "reincarnated" (their home region), and then face an MP cost h nn to be used in another region of country n. 37 A detailed derivation of the model's equilibrium with trade, MP, and domestic frictions in both goods and ideas is relegated to the Appendix. of trade and MP flows,
where µ M is a positive constant (defined in the Appendix), η ≡ 1−α β ,
and π nn is the domestic MP share. 38 There are several points to note about the result in Equation Conveniently, as for the gains from trade, the gains from MP are expressed as a function of observed flows. Data on the gross value of production for multinational affiliates from i in n, from UNCTAD, is used as the empirical counterpart of bilateral MP flows in the model, which in turn is used to compute the MP shares, π nn . GDP in current dollars (from World Development Indicators) is the empirical counterpart of w n L n in the model. We also need to calibrate the labor shares α and β, and recalibrate the parameter θ accordingly. We set α = 0.75, β = 0.50, and θ = 6. The Appendix presents the description of the MP data and more details on the calibration of these three parameters. Here we just note that (1 + η)/θ = 1/4 so that the strength of scale effects is the same as for the baseline calibration. Our calibration of domestic frictions for trade in goods and number of regions in each country is equivalent to the procedure described for the baseline model. For θ = 6, we get d nn = 1.81.
Column 7 of Table 6 shows the relative real wage for the model with trade, MP, and domestic frictions. Columns 2, 3, 4, and 5 of Table 6 show the gains from trade, MP, and openness, and the term capturing domestic frictions, respectively, all relative to the United States. Given our assumption that h nn = d nn then γ nn = τ nn . Together with (1 + η)/θ = 1/4 and the recalibration of d nn to maintain (12) , this implies that there is no difference in the role of domestic frictions here with respect to the model of Section 2. But the gains from trade are now λ −η/θ nn , with η/θ = 1/12, rather than λ −1/θ nn , with 1/θ = 1/4 in Section 2. Consequently, the gains from trade have a smaller role now, as shown in column 6 of Table 6 , although the gains from openness now also include the gains from MP. But as column 3 indicates, MP does not help much to increase real wages relative to the United States for small countries because the United States has large gains from MP. While only Japan has lower gains from trade than the United States (column 2), several countries have lower gains from MP than the United States.
Overall, our measure of fit in (14) for the model with both trade and MP presents an improvement with respect to the model with only trade, from 0.85 to 0.65. 39 The improvement in fit is even larger if only the six smallest countries in the sample are considered (from 0.15 to 0.03). Nevertheless, the result from Section 3 still holds: the existence of domestic frictions, rather than openness, remains the dominant channel to bring the calibrated model closer to the data. For instance, for Denmark, adding MP does not help much quantitatively to bring the relative real wage in the calibrated model closer to the one observed in the data: the implied relative real wage is 0.80, against 0.91 in the data and 0.88 in the baseline model. More generally, looking at the average for the six smallest countries in the sample, trade and MP openness together help to close around 17 percent of the gap between the standard model with only scale effects and the data on relative real wages, while domestic frictions close 60 percent of the gap.
Conclusion
Models in which growth is driven by innovation naturally lead to scale effects. This feature results in the counterfactual implication that larger countries should be much richer than smaller ones. These scale effects are also present in the standard gravity model of trade. In those models, trade and scale lead to TFP gains through exactly the same mechanism as innovation-led growth models, namely an expansion in the set of available non-rival ideas. These trade models, as semi-endogenous growth models do, assume that any innovation produced in a given country is instantly available to all residents of that country. We depart from the standard assumption and build a trade model that incorporates costs to domestic trade. We calibrate the model and evaluate the role of domestic frictions in reconciling the data and the theory. Our calibrated model suggests that domestic frictions are key in reconciling the standard semi-endogenous growth model and the standard trade model with the data on real wages, relative wages, and import shares, across countries of different size. For a small and rich country like Denmark, for instance, our calibrated model implies a real per-capita income of 88 percent (relative to the United States), much closer to the data (91 percent) than the real per-capita income implied by the standard semi-endogenous growth model (34 percent) , and the model with only international trade (41 percent).
As mentioned in Section 4.2, a possibility left out of the framework used in this paper is that countries interact in ways other than trade and multinational production (MP), for example through the free flow of ideas across countries. The gains from openness would then include trade, MP and international technology diffusion. The big challenge here would be to discipline the amount of diffusion occurring across countries as it is not directly observable in the data. This is an important topic for future research. Column 1 refers to the first term, column 2 to the second term, and column 3 to the third term on the right-hand side of (15) . The real wage in the data is the real GDP (PPP-adjusted) per unit of equipped labor. All variables are calculated relative to the United States. "Size," "GT," and "dom.fric." refer to the first, second, and third terms, respectively, on the right-hand side of (13) . The real wage is the product of those three terms. All variables are calculated relative to the United States. The import share for country n is l =n X nl /X n . The relative import share is the import share of country n relative to U.S.The real wage for country n is w n /P f n (relative to U.S.). The terms of trade for country n are w n (relative to U.S.). ∆ ≡ n x model n − x data n 2 , where x n represents, alternately, the import share, terms of trade, and real wage, for country n. Six smallest countries (with respect to L n ) are: Austria, Denmark, Greece, Norway, New Zealand, and Portugal. Column 1 refers to the first term (size), column 2 to the third term (gains from trade), column 3 to the fourth term (gains from MP), and column 5 to the second term, respectively, on the right-hand side of (26) . Column 4 are the gains from openness, GO n = GT n × GM P n . The real wage in the data is the real GDP (PPP-adjusted) per unit of equipped labor. All variables are calculated relative to the United States.
Turning to the price index, we know that for m ∈ Ω n , we have P n = P m . Hence, Using (29) we then get
Using c g n = Bw β n (P g n ) 1−β then
But from (31) and (29) we get
. Using c f n = Aw α n (P g n ) 1−α and (33) we then get 
B.2 Data on Multinational Production.
Data on the gross value of production for multinational affiliates from i in n is from UNC-TAD, Investment and Enterprise Program, FDI Statistics, FDI Country Profiles, published and unpublished data. 40 We use this variable as the counterpart of bilateral MP flows in the model, Y ni ≡ Y f ni + Y g ni . The UNCTAD measure of MP includes both local sales in n and exports to any other country, including the home country i. Out of 342 possible country pairs, data are available for 219 country pairs. We impute missing values by running the following OLS regression log Y ni w n L n = β d log dist ni + β c b ni + β l l ni + S i + H n + e ni ,
where Y ni is gross production of affiliates from i in n, w n L n is GDP in country n, dist ni is 40 Unpublished data are available upon request at fdistat@unctad.org. geographical distance between i and n, b ni (l ni ) is a dummy equal to one if i and n share a border (language), and zero otherwise, and S i and H n are two sets of country fixed effects, for source and destination country, respectively. All variables are averages over the period 1996-2001. The variable GDP is in current dollars, from the World Development Indicators, and the variables for distance, common border, and common language are from the Centre d'Etudes Prospectives et Informations Internationales (CEPII).
To calculate the gains from MP-the last three terms in (26) , we further need MP flows in manufacturing (Y g ni ) and non-manufacturing (Y f ni ), separately. The data refer to foreign affiliates in all non-financial sectors, except for the United States for which we have MP flows in manufacturing separately and represent approximately one half of the total MP flows. We then use one half of the total MP flows as the empirical counterpart for Y g ni , and similarly for Y f ni , for all countries.
B.3 Calibration with Multinational Production.
When non-tradable goods and MP are included into the model, we need to calibrate the labor shares in final and intermediate goods, α and β, respectively, as well as recalibrate the value of θ.
We set the labor share in the intermediate goods' sector, β, to 0.50, and the labor share in the final sector, α, to 0.75, as calibrated by Alvarez and Lucas (2007) . This implies that η ≡ (1 − α)/β = 0.5. We consider the same three different approaches for the calibration of the parameter θ as in the baseline model. When we calibrate θ to match the growth rate observed in the data, now (11) is replaced by g = g L (1 + η)/θ, by differentiating (26) with respect to time. With g L = 0.048, g = 0.01, and η = 0.5, θ = 7.2. When we use the results in Alcala and Ciccone (2004) , and using (26) , the role of institutions is captured byφ n , geography is captured by both H n and D n , trade and MP openness are embedded in the last three terms of the right-hand side of (26), and the coefficient on L n , (1 + η) /θ, can be equated to 0.3, the value of the income-size elasticity in Alcala and Ciccone (2004) . With η = 0.5, θ equals 5.
To compromise between the different approaches, we choose θ = 6 which implies an elasticity of the real wage with respect to size of 1/4. 
C Online Appendix
C.1 Data
